The transfer of dark-grown cultures of Euglena gracilis Klebs strain Z regreening in the light back into darkness resulted in a dramatic increase in ribulose diphosphate carboxylase activity. On a culture volume basis activity increased 4-fold over a 24-hour dark period, although on a protein basis activity declined because of rapid cell division. Mixed assays with light-and dark-growing cell extracts provided no evidence for the removal of an inhibitor of ribulose diphosphate carboxylase upon transferring regreening cells back to darkness. Although ribulose diphosphate carboxylase activity increased over a 24-hour dark period, there was no concomitant increase in the potential of the cells for photosynthetic carbon dioxide fixation.
Recent research has established that chloroplast biogenesis, like that of mitochondria, involves genetic and synthetic contributions from both within the organelles themselves and from the rest of the cell (8, 19) . Information for chloroplast proteins is carried by both chloroplast and nuclear DNA, and both chloroplast and cytoplasmic ribosomes are involved in the synthesis of such proteins. Chloroplast biogenesis therefore results from an interaction between chloroplast and nuclear genomes. An example of this complex situation occurs during the synthesis of the chloroplast enzyme ribulose-1, 5-diP carboxylase. In higher plants and green algae, this protein has a mol wt greater than 500,000 and consists of two types of subunit (approximate mol wt 55,000 and 15,000) which are easily dissociated and separated (9-11, 14-16, 18) . Several recent studies have contributed to present concepts that the large (mol wt 55,000) subunit is coded for by chloroplast DNA (4) and synthesized on chloroplast ribosomes (1, 10) , whereas the small (mol wt 15,000) subunit is coded for by nuclear DNA (13) and synthesized on cytoplasmic ribosomes (6, 10) . Although the cellular sites of synthesis of these subunits is now becoming clear, little is known about the mechanism of assembly of functional RuDP carboxylase, or how genetic and synthetic processes involved may affect each other and are regulated in the cell.
Contributions from several laboratories, most notably that of Schiff (17) have shown that the unicellular alga Eluglena is a useful organism for the study of chloroplast development. Dark-grown, heterotrophic Euglena cells contain many proplastids but do not synthesize Chl or many of the enzymes and components of the photosynthetic apparatus found in functional chloroplasts. Exposing such cells to light results in rapid Chl formation, enzyme synthesis and the development of photosynthetically active chloroplasts (17) . RuDP carboxylase activity increases markedly in the light (7, 20) , and in the present paper we report the effect of transferring cells exposed to light for 24 hr back into darkness on the formation of this enzyme.
MATERIALS AND METHODS
Growth of Alga. Asynchronous cultures of Euglena gracilis Klebs strain Z were grown at 25 C in the phototrophic growth medium of Cramer and Myers (5) at a continuous light intensity of 6000 lux provided by banks of fluorescent tubes (Osram white) and gassed with air at a rate of 7 1/hr. Darkgrown, resting cells were obtained by growing Euglena at 25 C in the medium of Hutner et al. (12) in continuous darkness for 4 days. The cells were harvested during exponential growth, transferred to fresh medium from which all carbon sources other than vitamins had been omitted and maintained in the dark for 48 hr to deplete reserve carbohydrates. Resting cells were regreened by exposure to continuous white light (1500 lux) after the addition of D-glucose to give a final concentration of 22.5 g/l.
Preparation of Cell Extracts. Euiglena cells were harvested by centrifugation, washed once, and resuspended in 20 mM trisHCl, pH 8, containing 1 mM MgCl2 and 1 mm dithiothreitol. The cells were disrupted by three 15-sec bursts of ultrasonic waves (MSE ultrasonic disintegrator 1.5 amp). Cell debris was removed by centrifuging at 20,000g and 4 C for 10 min, and the supernatant was used immediately.
RuDP Carboxylase Assay. The RuDP-dependent incorporatiin of NaH'4CO3 into acid-stable product was determined in a reaction mixture of 0.3 ml final volume, which contained 33 mM tris-HCl, pH 8, 6.6 mm MgCl2, 2 mm GSH, 0.33 mM EDTA, 17 mm NaH"4CO3 (specific radioactivity, 0.4 ttCi/ mole), enzyme (up to 0.1 ml), and 1 mM RuDP. The enzyme was incubated with all components except RuDP for 5 min, at 30 C, and then the reaction was started by the addition of this compound and allowed to proceed for 5 min at 30 C. was stopped by adding 0.1 ml of 50% (w/v) trichloroacetic acid. After allowing sufficient time for the removal of unused NaH"4CO3, an aliquot of the reaction mixture was added to 10 ml of scintillation fluid (3) in a counting vial, and its radioactivity was determined in a Packard Tricarb liquid scintillation counter at an efficiency of 50%.
Carbon Dioxide Fixation. After various periods in the dark, 20 ml of culture were removed, illuminated at 6000 lux, and 0.2 ml of 25 mm NaH`4CO3 containing 8 ,LCi was added. After 5, 10 and 15 min, aliquots were removed, passed through a Millipore filter, cells rapidly washed with ice-cold distilled H20, and the Millipore disc was added directly to 10 ml of scintillation fluid (3) in a counting vial. Radioactivity was determined in a Packard Tricarb liquid scintillation counter at an efficiency of 50%.
RESULTS AND DISCUSSION
Dark-grown Euglena cells were placed in resting medium for 2 days and then allowed to regreen in the light in resting medium supplemented with glucose for 3 days. When the culture, after 3 days regreening in the light, was harvested and resuspended in an equivalent volume of fresh Hutner's medium and transferred to darkness at 25 C, RuDP carboxylase activity increased at a rapid rate for a further 2 days (Fig. 1) . On a culture volume basis, this dark period resulted in a 4-fold net increase in RuDP carboxylase activity before leveling out. Since the cells grew rapidly in the dark, the activity on a protein basis declined, and on a cell number basis was virtually constant during the first 2 days in darkness before rapidly declining as the total activity present in the culture leveled out (Fig. 1) . This in- Fig. 1 ), and after 24 hr in darkness showed that dark growth resulted in a net increase in several proteins, including one whose mobility in gels polymerized from 5 or 6% acrylamide was identical to that of RuDP carboxylase purified from autotrophically grown cells (data not shown), and (c) the efficiency of cell breakage did not vary; complete breakage was achieved at all developmental stages. It was concluded that the transfer of cells to darkness after 3 days regreening was followed by a striking continuing synthesis of RuDP carboxylase.
Recently, RuDP carboxylase has been purified from Euglena and the molecular size and quaternary structure of this enzyme are typical of those reported for the higher plant enzyme, two subunit types being present (B. A. McFadden, J. M. Lord, A. Rowe, and S. Dilks, unpublished data). Furthermore, both chloramphenicol and cycloheximide have been shown to inhibit RuDP carboxylase synthesis in greening Euglena (2, 7). It is probable that both chloroplast (68S) and cytoplasmic (87S) ribosomes are involved in the synthesis of Euglena RuDP carboxylase (2, 7). In the present work, it is assumed (although not proven) that both subunit types are synthesized sometime during the regreening and subsequent dark phases, in order to account for the increased amounts of RuDP carboxylase produced by the cells during this period.
Regreening cells transferred to darkness after 24, 48, or 72 hr in the light, rapidly synthesized RuDP carboxylase during the subsequent 24-hr dark period (Fig. 2) . Significantly, the rate of synthesis observed after 24 hr in darkness greatly exceeded the rate in the culture maintained in the light for the same time period (Fig. 2) , suggesting that light may be regulating the over-all rate of enzyme synthesis.
Although the total RuDP carboxylase activity in the culture increased during a 24-hr period in darkness, it was not accompanied by an increased capacity of the cells to fix 14CO2 in the light. As shown in Figure 3 measurements of "4CO2 fixation made on aliquots removed at intervals from a culture after (Fig. 5) .
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